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Fine-Tuning Reduces Diversity

Existing diversity metrics do not account for generation length and often 
favor shorter sequences.

Base: short → appears more diverse

Instruct: long → unfairly penalized

RLHF models tend to produce longer outputs - length isn't just noise; it's 
a feature of alignment.

COMMON BELIEF

What happens when we control for length?

?



Autoregressive Generation Tree
Every generation is a path from the prompt x down to an EOS leaf.



Autoregressive Generation Tree
Every generation is a path from the prompt x down to an EOS leaf.

Uncertainty (size of the tree) comes from two aspects:
● How many options at each step

Local branching width
● How long the path runs before it stops

Trajectory depth



Canopy Entropy       

Total Shannon Entropy

length

local entropysum along path

Theorem 1

First information-theoretic measure of the 
full generation space (length + content)



Fine-Tuning Reduces Uncertainty Non-Uniformly

● decrease
● increase

Per-token normalization

Per-trajectory normalization where

● Fine-tuning reduces local branching diversity.

● Total generation space shifts by task - even increasing in creative generation.

Length-normalized metrics drop, but the total generation space can grow.

is entropy rate



Fine-Tuning Sustains Information Along Longer Trajectories

Entropy rate

Length-entropy correlation

● ρ < 0 longer => redundant ● ρ > 0 longer ⇒ informative

(information density)

● Fine-tuned models generate longer sequences.
● Instruct models' longer outputs stay informative rather than redundant.



In base models, entropy tends to decay as generation progresses.
In fine-tuned models, entropy stays much more stable.

● increase: longer ⇒ informative

Fine-Tuning Sustains Information Along Longer Trajectories

Entropy rate

Length-entropy correlation

(information density)



Fine-Tuning Converts Uncertainty Into Semantic 
Diversity More Efficiently
Semantic diversity: average pairwise cosine distance between generated outputs 
ModernBERT embeddings)

Beta regression: models semantic diversity vs. entropy rate, controlling for length, 
task, and model.

● Fine-tuned models start from 
lower baseline semantic diversity.

● Fine-tuning nearly triples the 
entropy rate v.s. semantic 
diversity slope.


